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INTRODUCTION
Used in the ideal treatment of spinal instability, pedicle screws provide very strong stabilisation. Though the use of radiological methods during the operation eases screw application, if they deviate from the expected path and exit the bone, they may cause neural tissue, visceral organ, or vascular injury. As a result, measurementbased morphology of the lumbar vertebrae, awareness of differences between levels, and choosing the screw appropriate for entry point angle and depth are important for an uncomplicated application [12] . Determination of factors controlling morphometric measurements affects appropriate choice of screw.
With the routine use of three dimensional computed tomography (3D-CT) in recent years, morphometric analysis studies assessing differences in lumbar vertebrae according to age and sex have been performed for different populations [2, 5, 10] .
The aim of our study is to transverse pedicle diameter (TPD), vertical pedicle diameter (VPD), pedicle axis length (PAL), and transverse pedicle angle (TPA) measurements on lumbar vertebrae using 3D-CT to evaluate variation according to sex, age, and height and research the effect on screw choice.
MATERIALS AND METHODS
This study included a total of 240 cases in which patients underwent 3D-CT for any reason on the lumbar vertebrae with no spinal pathology found, between January, 2008 and January, 2012 at the Radiology Department CT unit. The cases were divided into male and female groups; the two groups were then divided into four age groups of 30 females and 30 males as 20-29 years, 30-39 years, 40-49 years, and 50-59 years, and into four height groups as height < 160 cm (n = 41), 160-169 cm (n = 96), 170-179 cm (n = 71), and > 179 cm (n = 32). Variation in lumbar vertebral morphometric measurements was evaluated according to age, height, and sex. Cases with lumbar abnormalities (such as fracture, previous operation, tumoural lesion, or infection) identified on vertebral CT were excluded from the study.
Computed tomography investigation was performed with a 64-detector Siemens Sensation 64 (Erlangen, Germany) device. The detector configuration was 64 × 0.6 mm, gantry rotation speed: 0.5 s, pitch value: 1, tube voltage: 120 kV, and tube rated current: 160 mA. For each measurement, multi-planar reconstructions of 1.5 mm slices were completed on a Leonardo workstation (Siemens Medical Solutions) and axial, coronal, and vertical reformatted images according to vertebral axis were created.
Measurements
From the obtained 3D images, the following measurements were made between the L1-L5 vertebral levels. -TPD = transverse pedicle diameter -the distance between both cortical walls of the pedicle in the transverse plane (Fig. 1A , distance from 'a' to 'b'); -PAL = pedicle axis length -the distance between the posterior cortex of the pedicle and vertebra corpus anterior along the pedicle axis (Fig. 1A , distance from 'c' to 'd'); -VPD = vertical pedicle diameter -the distance between both cortical walls of the pedicle in the vertical plane (Fig. 1B , distance from 'e' to 'f'); -TPA = transverse pedicle angle -the angle between the pedicle axis and midline in the transverse plane (Fig. 1C , angle between 'g' and 'h' and 'i').
Statistical analysis
All TPD, VPD, PAL, and TPA measurements were completed on the right and left. For right and left measurements, for those without statistical significance the right was used, for those with statistical significance the lower value was used. In situations where parametric data had normal distribution, to determine right-left and sex effects and test the mean of two independent groups, the Student's t-test was used. To determine right-left and sex effects for parameters without normal distribution, the non-parametric independent two-sample group test of the Mann-Whitney U test was used. To evaluate the quadruple groups of age and height, for parameters with normal distribution, the one-way variance analysis was completed. For significant differences between the groups, the Duncan method was used for pairwise comparisons, and p < 0.05 was accepted as significant. To evaluate the differences between groups of parameters with non-normal distribution, the Kruskal-Wallis method of k-independent group test was used. Significant group differences were determined with pairwise comparisons between groups with the Mann-Whitney U test at p < 0.05 level.
RESULTS

TPD
Mean TPD values according to level in sex, age, and height groups are summarised in Table 1 . According to sex, all levels were statistically significant, with men having higher values. Statistically significant differences between age-groups were only found at the L4 and L5 levels, with the 30-39 age-group having the highest values. In terms of height groups, all levels were significant with the 170-179 cm and > 179 cm groups similar with highest values.
VPD
The mean VPD values according to level in sex, age, and height groups are summarised in Table 2 . According to sex, all levels were statistically significantly different, with men having higher values. In terms of age groups, all levels were statistically significantly different, with the highest value in the 30-39 age group. Between height groups, at all levels apart from L5, the 170-179 cm and > 179 cm groups were similar, with the highest values.
PAL
The mean PAL values according to level in sex, age, and height groups are summarised in Table 3 . In terms of sex, there were statistically significant differences at all levels, with males having higher values. Between age groups, there were statistically significant differences at all levels, with the 30-39 age group having highest values. In terms of height groups, at all levels the 170-179 cm and > 179 cm groups were similar, with the highest values. Table 4 . At all levels there was no difference in terms of sex. In terms of age groups, only at L2 and L5 levels there was a statistically significant difference, with the highest values for the 30-39 group. There were no differences identified for height groups at all levels.
DISCUSSION
This study performed morphometric analysis on lumbar vertebrae using the 3D-CT method in the Turkish population and determined important results. The first result, that normal values of lumbar vertebrae in the Turkish population reflect variations according to sex, age, and height, is important. The second result is that TPD, VPD, and PAL vary according to sex, age, and height. TPA varies according to age, with no variation according to sex or height. The third result is that the values are similar to those from western populations.
TPD
To insert the screw appropriately in the pedicle without damaging medial and lateral cortices, the most important parameter to determine size is TPD. In two previous studies of 51 cases in western populations and 40 cases in China, TPD was reported to be higher in men [7, 11] . Another study identified differences according to sex only at L3 and L5 levels [8] . A study assessing 49 cases with 3D-CT in the Pakistani population found that males had higher values than females at all lumbar levels [2] . A cadaver study evaluating a total of 75 cases by CT without sex differentiation in Egypt found TPD values were 6.8 ± ± 1.9 mm at L1 and 18.9 ± 2.1 at L5, with a direct increase observed from L1 to L5 [10] . A study assessing a total of 50 cases, 25 male and 25 female in the Iranian population found that TPD values were higher at all levels in men [9] . The results of measuring 503 cadavers from the American population identified a direct increase from L1 to L5, with males having higher values at all levels [13] . The TPD values determined in our study are similar to those from western populations. As a result, screws currently produced for western populations may be used for the Turkish population. However, patient sex must also be considered for screw choice.
A study of TPD variation according to age using direct X-ray on a total of 540 cases in the Arab population found the widest diameter in females from 10 to 19 years and in males from 40 to 49 years [3] . A study of 503 cadavers in the American population found an increase in TPD at all levels, with age measurements made without reference to sex [13] . This study did not differentiate age groups according to sex and found the highest values were in the 30-39 age group. TPD values did not show a simple linear increase or decrease between age groups. Though the highest TPD value was in the 30-39 age group, at L1 level in the other groups, the difference was less than 1 mm, which is not clinically significant. However, at the L4 and L5 levels, the difference was more than 1 mm. As a result, especially in the 30-39 age group, the differences at the L4 and L5 levels should be noted during screw choice.
Variation in TPD according to height was previously shown to increase with the increase in height at all levels as a result of the 503 cadaver American population study without reference to sex [13] . Similarly, in our study, TPD values showed a proportional increase with height, with the highest values for all levels in the 170-179 cm and > 179 cm height groups. The difference in mean TPD values between heights above 170 cm and those below was identified as 2 mm. This result shows that patient height should be noted when choosing screws.
VPD
In two different studies of VPD with CT and X-ray in western populations, at other lumbar levels apart from L5, VPD was found to be higher than TPD [14] . A study of the Chinese population found that VPD was higher than TPD, at all levels, with a direct increase identified from L1 to L5, contrary to the other studies [7, 11] . A study evaluating 49 cases with 3D-CT in the Pakistani population found it was higher than TPD at all lumbar levels, and there was a reduction toward L5, while it was higher in males than in females [2] . The American population study of 503 cadavers found a direct reduction from L1 to L5, with higher values for males at all levels [13] . A previous study of the Turkish population measured only L5 levels of 40 cases and found VPD was lower than TPD [4] . In our study, 3D-CT measurements were performed for all levels in the Turkish population, and it provides important data due to the larger case number. The values obtained were similar to western populations, with value higher than TPD at all levels apart from L5 and a reduction from L1 to L5. It varied with sex and was higher in males.
In the Arab population study of 540 cases evaluating the change in VPD according to age using direct X-ray, for women there was a reduction from the 30-39.9 to 40-49.9 age group at all levels apart from L1, with an increase observed from the 40-49.9 age group to the 50+ age group. In men, a reduction was observed from the 20-29.9 age group to the 30-39.9 age group [3] . The American population study of 503 cadavers did not reference sex during measurements and identified an increase in VPD with age at all levels [13] . At all levels in our study, the highest value was in the 30-39 age group, with the lowest values generally observed in the 50-59 age group. However, as the differences between the groups at every level were around 1 mm, this difference was not accepted as clinically significant.
Measurements of the variation in VPD according to height in the American population cadaver study without reference to sex identified an increase in VPD at all levels as height increased [13] . In our study, the variation in VPD values according to height was statistically significant at all levels apart from L5, with the highest values in the 170-179 cm and > 179 cm groups and the lowest values in the < 160 cm and 160-169 cm groups. As height increased, VPD increased. In height groups above and below 170 cm, there was a difference of 2 mm observed in VPD values. In conclusion, VPD varies according to height.
PAL
Knowing the PAL value before operation is very important to prevent anterior cortex perforation. A CT study of PAL in western populations measured L2 as 53.3 ± 0.6 mm, L3 53.3 ± 3.2 mm, L4 55.4 ± ± 3.0 mm, and L5 52.0 ± 4.5 mm in males, and L2 as 49.7 ± 4.7 mm, L3 47.0 ± 3.4 mm, L4 50.2 ± ± 4.7 mm, and L5 46.0 ± 5.7 mm in females. In both sexes, the highest value was at L4, while the smallest value was at L5 [11] . A 50 patients CT study of the Indian population without reference to sex found PAL values were L1 47 ± 3.39 mm, L2 49.03 ± 3.39 mm, L3 47.21 ± 3.95 mm, L4 47.48 ± 5.38 mm and L5 48.91 ± 4.42 mm, with the highest value for L2 and the lowest value for L1 [1] . A study of 50 males and 50 females aged from 20 to 40 years used magnetic resonance imaging to measure only the L1 level and found values were L1 47.11 ± 6.14 mm for males and L1 40.61 ± 6.31 mm for females [6] . The Egyptian study using CT to evaluate a total of 75 cases and cadavers without reference to sex found PAL values were L1 51 ± 4.9 mm and L5 48 ± 5.1 mm with a direct reduction from L1 to L5 [10] .
The Iranian population study evaluating 25 males and 25 females CT found PAL values were L1 49.88 mm and 45.08 mm and L5 50.2 mm and 46.4 mm for males and females, respectively, with male values higher at all levels compared to females and a direct reduction from L1 to L5 [9] . In our study, PAL values varied according to sex at all levels, with males having higher measurements. The data showed that L1, L2 and L3 were close to each other with a reduction in L4 and L5. In both sexes, the largest values were at L3 (male 56.84 mm, female 52.03 mm), with the smallest values at L5 (male 52.92 mm, female 48.16 mm). The values were similar to data from western populations.
When the variation in PAL according to age was evaluated in our study, the highest values at all levels were in the 30-39 age group. The difference between the lowest and highest PAL values among the groups was 2-4 mm, which is statistically significant. However, as the variation interval for screws is 5 mm, this result is not accepted as clinically significant.
In our study, the variation in PAL according to height was evaluated. PAL showed a proportional increase with height. In groups with heights of 170 cm and below, there was a 5 mm difference in mean PAL values. In conclusion, the variation of PAL according to height, affects the variation interval of screws and their choice.
TPA
The TPA is a very important parameter to determine the insertion direction of screws. A CT study related to TPA in western populations did not find a statistical difference between the sexes but did find a direct increase from L2 to L5 [2] . A study using CT and X-rays without referencing sex measured TPA as L1: 10.9, L2: 12.0, L3: 14.4, L4: 17.7, and L5: 29.8 degrees [6] . The CT study of 50 cases from the Indian population without reference to sex found TPA was 10.90 ± 3.13 at L1 and 24.75 ± 3.83 at L5, similar to western populations [4] . The study evaluating 49 Pakistani cases with 3D-CT at all lumbar levels found L1 was 13.4, and L5 was 21.6 degrees, with an increase identified toward L5 [2] . The Egyptian CT and cadaver study of 75 cases without reference to sex found TPA values were 15 ± 2.7 at L1 and 30 ± 3.6 degrees at L5, with a direct increase from L1 to L5 [10] . The 50-case Iranian study of 25 males and 25 females using CT found TPA values were 16.76 and 15.88 at L1 and 23.68 and 24.56 at L5 for males and females, respectively, with a direct increase from L1 to L5 in both sexes [9] . This study did not find differences in TPA values according to sex at all levels. There was a convergent increase observed from L1 to L5.
In our study, the variation in TPA was assessed according to age. Though there was a statistical difference between the groups at L2 and L5 levels, this was not accepted as clinically significant.
Our study evaluated the change in TPD according to height. There was no change in TPA values identified according to height.
There are some limitations to our study. The oldest age interval included in our study was 50-59 years, and those over 60 years of age, when degenerative lumbar disease is commonly observed, were excluded.
CONCLUSIONS
In conclusion, our study researched detailed morphometric properties at five different lumbar vertebral levels in 240 cases and the variation of these properties according to sex, age, and height. All of these factors are important for screw choice, and we believe the general trends in our results must be noted to prevent complications that may develop during operations.
